Organic amendments are relatively cheap and available source of organic matter for sustaining both the physical and chemical soil characteristics, and crop yield. Therefore, two field experiments were conducted in 2017 and 2018 to determine the sole and combined effects of Tithonia diversifolia and banana leaves, and poultry feather (PF) on soil characteristics, growth, yield, and mineral contents of tomato (Solanum lycopersicum L.). The treatments were: (i). Tithonia leaves alone applied at 10.0 t ha −1 , (ii). Banana leaves alone applied at 10.0 t ha −1 , (iii). Crushed PF alone applied at 10.0 t ha −1 , (iv). PF at 5.0 t ha −1 + banana leaves at 5.0 t ha −1 , (v). PF at 5.0 t ha −1 + Tithonia leaves at 5.0 t ha −1 , (vi). Tithonia leaves at 5.0 tha −1 + Banana leaves at 5.0 t ha −1 , and (vii). Controlno amendment. The seven treatments were arranged in a randomized complete block design with three replications. Green manures and PF either sole or combined significantly (p < 0.05) reduced soil bulk density and increased porosity, soil organic matter (SOM), nutrient contents, growth, yield, and mineral contents of tomato crop compared with the control. When manures were combined, PF + Tithonia has the highest value of these parameters. PF + Tithonia increased tomato yield by 20.0, 53.0, 77.0 and 132.5%, respectively compared with feather alone, Tithonia alone, banana alone and the control for year 2017, and by 28.3, 59.2, 73.0, and 237.3%, respectively for year 2018. The increased growth, yield, and mineral contents of tomato under PF + Tithonia was due to improved soil physical and chemical properties and also due to the fact that slowly decaying poultry feather may allow retention of released nutrients from rapidly decomposing Tithonia within the rooting zone, thereby fostering greater efficiency of nutrient release and uptake. Therefore, locally sourced organic material can be used in improving soil and crop productivity especially when they are combined.
Introduction
Decline in soil fertility is one of the major factors affecting crop production in tropical countries. The soils tend to be highly weathered with low organic matter and nutrient retention capacity. Due to high rainfall, most of the mineral elements are leached away. In Nigeria, the most important soil order -Alfisols have weak structures and are highly susceptible to crusting, compaction, and erosion (Lal, 1987) leading to low crop yield. Chemical fertilizers can be used for improving soil fertility and crop yield, but their use especially in Nigeria is limited by scarcity and cost. Other problems associated with the use of chemical fertilizers are acidity, nutrient imbalance, (Agbede et al., 2018) and inability to improve aggregate stability by increasing soil organic matter. Organic amendments can be a cheap and readily available source of organic matter for sustaining both the physical and chemical soil characteristics and crop yield.
Mexican sunflower (Tithonia diversifolia) and Banana (Musa spp) leaves as green manures and farm waste such as poultry feather are areas that have not been fully exploited in soil fertility maintenance and crop yield improvement.
Banana plant is a tree like herb that belongs to the family of Musaceae. All aerial parts of the plant are usually known as corm (Stover and Simmonds, 1987) . They are usually between 5-7 m tall depending on varieties (Nelson et al., 2006) , leaves are spirally arranged, and largeabout 2.7 m long and 60 cm wide (Morton, 1987) . At harvest of banana fruits, the aerial parts especially the large leaves with high nutrient contents are usually abandoned (Mawahib et al., 2015) . Doran and Kaya (2003) also reported that banana leaves contain many nutrients such as N, P, K, Ca and Mg.
Mexican sunflower (Tithonia diversifolia) is a shrub that belongs to the family Asteraceae. The shrub according to Sonke (1997) is everywhere in humid and sub-humid tropics. In southwest Nigeria, it grows luxuriantly along roads and fallow lands. It was reported that it has high decomposition rate and high concentration of N, P, and K (Jama et al., 2000; Gachengo et al., 1999) . However, research information on the use of Tithonia as green manure for tomato production on Alfisol of southwest Nigeria is very rear. There is the need to look at how this weed species could be used as green manure for soil fertility restoration and performance of tomato.
In Nigeria, the introduction of commercial poultry production over the years has caused an increase in the industry (Adene, 1997) , which has resulted in the increase in poultry wastes. Poultry feather is one of the important waste from poultry slaughter houses. Grazziotin et al. (2006) reported that feather is about 10% of the total weight of a poultry. Though, poultry feathers are abundant in poultry slaughter houses causing offensive odours and inviting flies, nothing had been done about researching into its potential in soil fertility improvement. According to Hartz and Johnstone (2006) poultry feather could be a cheap source of organic fertilizer for crop production, for it contains N, P, and K.
The quality of an applied organic amendment to the soil is determined by the nature and the chemical compositions of the amendment among other things (Adekiya, 2018) . Each amendment applied to the soil may not contain all required nutrients in high amount at the same time. Therefore, to have a balanced nutrient supply, addition of more than one amendment to the soil may be required. Adekiya (2018) in an experiment carried out at Owo, forestsavannah transition zone of southwest Nigeria, found that addition of poultry manure with Leucaena, Gliricidia, and Acacia used as mulches significantly increased the soil nutrient, growth, and yield of tomato (Solanum lycopersicum L.) compared with their sole form. Aboyeji et al. (2019) also found that application of 25% Parkia and 75% Tithonia leaves as green manure increased the yield of radish (Raphanus sativus L.) compared to 100% Parkia leaves at Omu-Aran, derived savannah ecological zone of Nigeria. It is therefore necessary to determine the benefit derivable from the addition of two amendments in order to improve soil physical and chemical characteristics, and crop growth, yield, and mineral contents of crops. Therefore, the objectives of this study were to determine the sole and combined effects of Tithonia diversifolia, Banana leaves, and poultry feather on soil characteristics, growth, yield, and mineral contents of tomato. Based on these objectives, it was hypothesized that soil characteristics, growth, yield, and mineral content of tomato would react differently to sole and combined application green manures and poultry feather. Studies were therefore conducted to validate this hypothesis.
Materials and methods

Site description and experimental layout
Two field experiments were conducted at Owo (Latitude 7°12`N and Longitude 5°32`E and is 348 m above sea level) Ondo State Nigeria in 2017 and 2018. The soil at Owo is an Alfisol or Luvisol. Owo experiences rainfall distribution that ranges between 1240-1346 mm with air temperature that ranges between 24-31°C. It is located in a forestsavanna transition zone. The area has two rainy seasons, from March to July, and the other from September to November. The site was mechanically cleared from a one year old fallow after continuous cropping of maize (Zea mays L.) and cassava (Manihot esculenta Crantz) for three years. The experiment each year (2017 & 2018) consisted of two plants [Mexican sunflower: Tithonia diversifolia Asteraceae, and Banana: Musa spp] leaves applied as green manure, and poultry feather incorporated into the soil. The treatments were: (i). Tithonia leaves alone applied the rate of 10.0 t ha −1 , (ii). Banana leaves alone applied at the rate of 10.0 t ha -1 , (iii). Crushed poultry feather alone applied at the rate of 10.0 t ha -1 , (iv). Poultry feather at 5.0 t ha -1 + banana leaves at 5.0 t ha -1 , (v).
Poultry feather at 5.0 t ha -1 + Tithonia leaves at 5.0 t ha -1 , (vi). Tithonia leaves at 5.0 tha -1 + Banana leaves at 5.0 t ha -1 , and (vii) Controlno amendment of any kind. The seven treatments were arranged in a randomized complete block design with three replications. Each block consisted of 7 plots measuring 3 × 2 m with 1 m block and 0.5 m between plots 2.2. Incorporation of poultry feather and green manures and planting of tomato
The poultry feather used were collected from chicken (broiler) slaughter house, washed, dried, and crushed by a mill. The Tithonia leaves were collected from nearby bushes while the banana leaves were collected from a banana farm where banana fruits had just been harvested. Fresh leaves of both Tithonia and banana leaves were chopped before incorporation. Ploughing and harrowing of the site to be used were done in May each year, thereafter the land was laid out to 3 × 2 m plot sizes. A hand-held hoe was used to incorporate the green manures and poultry feather into the soil to a depth of approximately 20 cm. The plots were allowed for 4 week before transplanting of tomato. Prior to land preparation (in April) of each year, tomato (Solanum lycopersicum L.) seeds (Owo local variety) treated with a seed-dressing fungicide (Apron plus 50 DS) against seed-borne or soil-borne pathogens were sown into a rich loamy soil in raised beds in the nursery under a shade at a temperature of about 23°C and watered daily in the evening using a watering can to field capacity. After 3 weeks in the nursery, the shade in the nursery was removed to harden the plants. The seedlings were allowed 4 weeks in the nursery before transplanting. At transplanting, which was done in the evening, seedlings were transplanted with ball of earth to reduce damage to the roots. One tomato seedling was transplanted per hole with a spacing of 50 × 50 cm to give a plant population of 12 plants per plot. Three manual weedings were done at 2, 5, and 8 weeks after transplanting (WAT). Tomato plant were staked at 5 WAT.
Determination of soil properties
In 2017 before the start of the experiment, soil samples from 0 -0.15 m depth were randomly collected from 10 points from the experimental site. The soil samples were bulk together, airdried, and sieved with 2 mm sieve for analysis (to serve as composite soil sample). The hydrometer method was used for the determination of particle size (Gee and Or, 2002) . Also, before the start of the experiment, bulk density of the experimental site was determined using the method of Campbell and Henshall (1991) . Soil organic carbon (OC) was determined by the procedure of Walkley and Black using the dichromate wet oxidation method (Nelson and Sommers, 1996) . Organic matter (OM) was calculated by multiplying C by 1.724. Total N was determined by the micro-Kjeldahl digestion method (Bremner, 1996) . Available P was determined by Bray-1 extraction followed by molybdenum blue colorimetry (Frank et al., 1998) . Exchangeable K, Ca, and Mg were extracted using 1 M ammonium acetate (Hendershot et al., 2007) . Thereafter, concentration of K was determined on a flame photometer, and Ca and Mg were determined by EDTA titration method. Soil pH was determined using a soil-water medium at a ratio of 1:2 with a digital electronic pH meter. At the end of each year's experiment, soil samples were also collected on plot basis (with three samples from each plot and later bulked together) and similarly analyzed for soil chemical properties.
Two WAT of tomato seedlings, determination of bulk density in all plots was started and was repeated on 4 occasions at 4, 6, 8, and 12 WAT. Core samplers (0.04 m diameter and 0.15 m high) in each occasion were used to collect soil sample from 0 -0.15 m depth at about 0.1 m away from tomato plant. The soil samples were used to evaluate bulk density after oven drying at 100°C for 24 h. soil porosity was calculated from the values of bulk density using the particle density value of 2.65 g cm −3 .
Determination of Growth and yield of tomato
Six tomato plants were randomly selected per plot for the determination of growth parameters (plant height, leaf area, and number of leaves per plant) at mid flowering stage of tomato plant. Plant height A.O. Adekiya Scientia Horticulturae 257 (2019) 108721 was determined by measuring with a meter rule from the base to the shoot buds, number of leaves was by manual counting, and leaf area was calculated using the model (A = KL 2 ) developed by Lyon (1948) , where L = Length, K = constant which is 0.1551, and A = leaf area. Tomato fruit yields were the weight of harvest from up to 100 days after transplanting.
2.5. Analysis of tomato fruits, green manure and poultry feather
Matured tomato fruits of uniform size were selected per plot at harvest each year for chemical analysis to determine their mineral compositions as described by AOAC (2006) . One gram of each sample was digested using 12 cm −3 of the mix of HNO 3 , H 2 SO 4 and HCLO 4 (7:2:1 v/v/v). Contents of Cu, Fe, Mg, K, and Ca were determined by atomic absorption spectrophotometry. Part of the green manures (Tithonia and banana leaves) and poultry feather to be incorporated into the soil were processed for chemical analysis. The fresh green manures were put in oven set at 70°C for 24 h and later grounded for analysis. Also, the washed, dried, and grounded poultry feather was sieved using 2 mm sieve ready for chemical analysis. The samples were analyzed for C, N, P, K, Ca, and Mg as described by Tel and Hagarty (1984) .
Statistical analysis
Data collected from each experiment in both years were subjected to analysis of variance (two-ANOVA) using the Genstat statistical package (GENSTAT, 2005) and treatment means were compared using Duncan's multiple range test at p < 0.05 probability level.
Results
Soil properties prior experimentation and analysis of green manure and poultry feather
Tables 1 and 2 respectively showed the results of the soil of the site before experimentation and the chemical analysis of the green manures, and poultry feather. The soil of the site was sandy loamy, fairly high in bulk density, acidic, and low in OM, N, P, K, Ca, and Mg according to the critical level of 3.0% OM, 0.20% N, 10.0 mg kg-1 available P, 0.16-0.20 cmol kg −1 exchangeable K, 2.0 cmol kg −1 exchangeable Ca, and 0.40 cmol kg −1 exchangeable Mg recommended for crop production in ecological zones of Nigeria (Akinrinde and Obigbesan, 2000) . The green manures (Tithonia and banana leaves) and poultry feather contained nutrient elements (Table 2) . Poultry feather has significantly higher values of OC, N, P, and Mg whereas Tithonia has higher K, Ca, and lower C: N ratio. The order of C: N ratio was Banana > poultry feather > Tithonia.
Effect of green manures and poultry feather on soil properties
Data on the effect of green manure and poultry feather on soil chemical and physical properties in years 2017 and 2018 are presented in Table 3 . There were no significant differences in the values of soil pH and Mg between years 2017 and 2018. Year 2018 had lower bulk density, higher values of porosity, OM, N, P, K, and Ca compared with year 2017. All soil amendments increase soil chemical properties and porosity, and reduced bulk density compared with the control. Poultry feather alone had the highest value of soil pH. Poultry feather + Tithonia had the highest values of N, P, K Ca, and Mg. There were no significant differences in N, P, and Ca values between poultry feather alone and poultry feather + Tithonia. Also, poultry feather + Tithonia had the highest value of SOM. Among poultry feather, Tithonia, and banana applied alone, poultry feather had the lowest bulk density and highest porosity. Treatments where amendments were combined had higher porosity and lower bulk density values compared with their sole forms. The interactive effect of year (Y) and amendment (A) (Y × A) was significant for OM, N, P, K, Ca, bulk density, and porosity, but not significant for pH and Mg.
Effect of green manures and poultry feather on growth and yield of tomato
The results of the effect of green manures and poultry feather on yield of tomato, plant height, leaf area, and number of leaves are respectively presented in Fig. 1 a, b, c, and d. Year 2018 produced significantly higher values of tomato growth and yield compared with year 2017. By averaging 2017 and 2018, year 2018 increased fruit yield of tomato by 0.76 tonnes or 5.6% compared with 2017. All forms of incorporated soil amendment increased fruit yield of tomato, plant height, leaf area per plant, and number of leaves per plant relative to the control. Among sole forms of amendment, poultry feather significantly increased growth and yield parameters compared with Tithonia and banana. In all, poultry feather + Tithonia has the highest value. Poultry feather + Tithonia increased tomato yield by 3.0, 6.2, 7.8, and 10.2 tonnes, translating to 20.0, 53.0, 77.0, and 132.5%, respectively compared with poultry feather alone, Tithonia alone, banana alone, and the control for year 2017 and increased tomato yield by 4.4, 7.4, 8.4, and 14.0 tonnes, translating to 28.3, 59.2, 73.0, and 237.3%, respectively compared with feather alone, Tithonia alone, banana alone, and the control for year 2018. Likewise, poultry feather + Tithonia increased plant height of tomato by 63.3, 151.0, 237.9 and 345.0%, respectively compared with feather alone, Tithonia alone, banana alone and the control for year 2017 and by 79.1, 166.6, 252.9, and 500.0%, respectively for year 2018. The interactive effect of Y × A was significant for growth and yield parameters.
Effect of green manures and poultry feather on mineral contents of tomato fruit
Year 2018 increased significantly Ca, K, Fe, and Mg content of tomato fruit compared with year 2017 (Table 4 ). The value of Cu between 2017 and 2018 was not significant. Also, amendments improved mineral contents of tomato fruit compared with the control. Cu was not Values followed by similar letters under the same column are not significantly different at p = 0.05 according to Duncan's multiple range test.
increased significantly. Among Tithonia, banana, and poultry feather applied alone, poultry feather has the highest value. Among all treatments together, poultry feather + Tithonia has the best value. The interactive effect Y × A was significant for Ca, K, Fe, and Mg but was not significant for Cu. Values followed by similar letters under the same column are not significantly different at p = 0.05 according to Duncan's multiple range test; PF = poultry feather; Note: *Significant difference at p = 0.05; ns, not significant at 0.05. 
Discussion
The fairly high bulk density before the start of the experiment was partly due to its low organic matter (Adekiya and Ojeniyi, 2002) . The low nutrient contents of the site before experimentation can be as a result of continuous cultivation of the soil over the years without fertilizer application. Green manures and poultry feather both sole and combined applications reduced bulk density and increased porosity of the soil compared with the control due to increase in soil organic matter (OM) from the incorporated and degraded manures by microorganisms. The presence of the green manures and poultry feather would have increased activities of beneficial soil fauna in OM decomposition which led to increased total pore space, which in turn decreased bulk density . Brady and Weil (1999) reported that the decomposition of OM from the manures produced polysaccharide which binds primary particles to become secondary particles and create larger pore spaces. The organic manures can also influence soil structural properties by enmeshing soil primary particles and microaggregates into macroaggregation through direct physical action of roots, and production of cementing agents from enhanced microbial activities. These aggregation processes and properties may reduce soil bulk density and increase porosity (Goldhamer et al., 1994; Hargrove et al., 1989; Islam and Weil, 2000) . Incorporation of Tithonia diversifolia as green manure had been reported (Hafifah et al., 2016) to reduced bulk density by 27% and increased porosity by 15% compared with the initial soil (control). Also, incorporation of sunn hemp (Crotalaria juncea) in Rabi sorghum-sunflower yearly rotation cropping system was found (Guled et al., 2003) to decrease the bulk density of the soil from 1.18 Mg m −3 (control) to 1.0 Mg m −3 and increased porosity by 6.5%. Likewise Chikowo et al. (2004) reported that incorporation of woody legumes into the soil reduces bulk density and increases soil granulation and porosity. The increased soil porosity and reduced bulk density with combined applications compared with sole applications was as a result of increased OM from these treatments compared to their sole forms. The improved soil physical properties of the soil in the second year relative to the first was due to the residual effect and continuous addition of the manures in the second year. There is an association between soil OM and bulk density, OM is known to be inversely related to soil bulk density (Adekiya, 2018) .
Green manures and poultry feather sole or in combinations increased OM, N, P, K, Ca, and Mg compared with the control (Table 3 ). This revealed that these manures degraded and nutrients in them are released to the soil. Shokalu et al. (2010) found that Tithonia significantly improved pH, N, P, K, Mg, and Zn contents of the soil. Banana leaves have been reported to be rich in soil nutrients (Cordeiro et al., 2004) . Also, unprocessed poultry feather according to Hadas and Kautasky (1994) contains nutrients which can be added to the soil for plant uptake, they contain about 14.7% N.
The higher soil nutrient concentration of poultry feather + Tithonia treatment compared with others can be as a result to the good chemical composition of both poultry feather and Tithonia (Table 2) . Both have fairly good chemical composition, therefore, when poultry feather was combined with Tithonia with low C: N ratio, there was better / faster mineralization and nutrient release compared with their sole forms or banana with lesser quality. Adekiya (2018) reported that the quality of organic material is related to its chemical composition and C: N ratio.
The improved growth and yield of tomato with Tithonia, poultry feather, banana, and their combinations in this experiment compared with the control was as a result of improved soil physical (reduced bulk density and increased porosity) and chemical (OM, N, P, K, Ca and Mg) properties of the soil as a result of the incorporated green manure and poultry feather. The reduced bulk density would have enhanced better root growth and better water and nutrient uptake and therefore better growth and yield.
Among Tithonia, banana, and poultry feather treatment alone, poultry feather has the highest values of growth and yield of tomato. This was because of reduced bulk density and increased porosity of this treatment compared to Tithonia and banana green manure treatments. Bulk density is important to water infiltration, root distribution, and root function which in turn affect nutrients and water uptake and growth. The increase in the growth and yield of tomato under poultry feather could also be as a result of the synchrony in the time of availability of sufficient amount of nutrients from the organic manures in the soil proportional with the demand of the plant uptake. Application of poultry feather at four weeks before transplanting tomato have made nutrients to be released and available at the time of need of the tomato crop. Hadas and Kaytsky (1994) reported that for unprocessed poultry feather, nutrient release are usually delayed in the first few days after application, but after four weeks nutrient release starts and continues. However, for Tithonia in this experiment, there was a scarce synchrony between soil nutrients and crop demand in that due to low C: N ratio of Tithonia, nutrients were release faster even before transplanting of tomato thereby leading to the plant not totally utilizing them, some might have even been leached before transplanting. Partey et al (2009) reported that percent dry weight remaining after the first week of decomposition of Tithonia was 20% and the highest percent of nutrients (N, P, K, Ca, and Mg) in Tithonia are released during the first week of application. Banana green manure on the other hand has inferior chemical composition (Table 2 ) and soil chemical composition (Table 3) compared with poultry feather and Tithonia and therefore lowest growth and yield. Furthermore, the increase in growth and yield of tomato under sole poultry feather treatment could also be due to increased N supply from the poultry feather relative to Tithonia and banana treatments. Based on this experiment, 10 tons of poultry feather, Tithonia, and banana green manure would have added 42.8 kg N ha −1 , 37.5 kg N ha −1 , and 14 kg N ha −1 , respectively. Similar results were obtained by Gaskell (1999) who determined that early bell pepper (Casicum annuum L. var. annuum) yield and size were greatest in treatments with feather meal at 180 kg N ha −1 when compared to treatments with the same application from compost, pelleted chicken manure, fish meal, liquid fish, liquid soybean meal or seabird guano.
Also, among all treatments, poultry feather + Tithonia has the highest value of tomato yield. This was due to improved soil physical conditions and optimum availability of soil nutrient under this treatment. In addition to improving soil physical properties, the humus of slowly decaying poultry feather may also allow retention of released nutrient from rapidly decomposing Tithonia within the rooting zone, thereby fostering greater efficiency of nutrient uptake and increase in Values followed by similar letters under the same column are not significantly different at p = 0.05 according to Duncan's multiple range test; PF = poultry feather; Note: *Significant difference at p = 0.05; ns, not significant at 0.05.
yield. Greater synchronisation of nutrient supply with crop demand is considered one of the challenges facing organic resource management (Myers et al., 1994; Palm et al., 1997) and the observed differences in decomposition rate between poultry feather and Tithinia leaves may present an opportunity in that regard. Higher N mineralization occurs where two organic amendments were combined, compared to their sole forms, indicating a synergistic relationship between the inputs (Palm et al., 2001; Singh et al., 2007) . Therefore, tomato growth and yield in this study was dependent on soil physical and chemical properties. The positive and strong correlation between growth and yield parameters and OM, N, P, Ca, Mg, and porosity and negative and strong correlation between these parameters and bulk density (Table 5 ) indicated that these soil characteristics both dictated the growth and yield of tomato in this study. Adekiya (2018) and Adekiya and Ojeniyi (2002) earlier reported that vegetable crops such as tomato react to increased soil nutrient and are also sensitive to bulk density which might influence root penetration and nutrient absorption.
The interactive effect of year and amendment (Y × A) was significant for all growth and yield parameters, this was adduced to higher soil chemical properties in the second year of cropping tomato which is attributed to improved cation exchange capacity (Agbede et al., 2018) , therefore, the improved growth and yield in the second year was due to improved nutrient availability due to residual effect from the first year and the subsequent application of the organic amendment in the second year. The addition of fresh manures to the soil in the second year may provide a fresh carbon source for microorganisms, enhancing the biological activities in the soil, and thus accelerating soil nutrient release (Xia et al., 2014) , and therefore better growth and yield.
Green manures and poultry feather either as sole or combined improved the mineral contents of tomato fruits compared with the control. This was due to increased availability of nutrients due to the manures which led to increased absorption by tomato plant due to improved soil physical characteristics of the soil. Among sole incorporations, poultry feather has the highest value of Ca, K, Fe, Cu, and Mg. This is consistent with the improved soil properties of this treatment. The highest value of poultry feather + Tithonia was also due to the improved chemical and physical properties of the treatment compared with others. Table 6 shows that mineral content of tomato fruit in this study was also associated with the soil physical and chemical properties. Therefore, the favourable effect of green manuring and poultry feather in this study in improving the growth, yield and mineral contents of tomato was due to better soil physical and chemical properties.
This study revealed that locally source materials in form of green manures (Tithonia and banana leaves) and poultry feather can be used in improving soil and crop productivity especially when they are combined. By these farmers in tropical countries maybe save from high cost of chemical fertilizer.
Conclusion
This study revealed that application of green manures (Tithonia diversifolia and banana leaves) and poultry feather either sole or combined reduced soil bulk density and increased porosity, SOM, nutrient content, growth, yield, and mineral contents of tomato crop compared with the control. It also revealed that Tithonia + poultry feather resulted in improved soil physical and chemical properties, and that slowly decaying poultry feather may allow retention of released nutrient from rapidly decomposing Tithonia within the rooting zone, thereby fostering greater efficiency of nutrient release, thus, better growth, yield, and mineral contents of tomato fruit. Therefore, locally source organic material can be used in improving soil and crop productivity especially when they are combined. * Significant difference at p = 0.05. ** Significant difference at p = 0.01.
Table 6
Correlation coefficient between some mineral contents of tomato and soil physical and chemical properties. 
